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(57) ABSTRACT 

A semiconductor device constructed by mounting a plurality 
of chip intellectual properties (IPS) on a common semicon 
ductor wiring Substrate, a method for testing the device and 
a method for mounting the chip IPs. A silicon wiring 
substrate on which chip IPs can be mounted is provided. A 
circuit for a boundary scan test is formed on the silicon 
wiring substrate by connecting flip flops. The flip flops are 
connected to wiring and are arranged to test connections in 
the wiring. The entire IP On Super-Sub (IPOS) device or 
each chip IP may be arranged to facilitate a scan test, a 
built-in self-test (BIST), etc., on the internal circuit of the 
chip IP. 

6 Claims, 25 Drawing Sheets 
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US 7,348,595 B2 
1. 

SEMICONDUCTOR WIRING SUBSTRATE, 
SEMICONDUCTOR DEVICE, METHOD FOR 
TESTING SEMICONDUCTOR DEVICE, AND 

METHOD FOR MOUNTING 
SEMCONDUCTOR DEVICE 

This application is a divisional of application Ser. No. 
10/187,269 filed Jul. 2, 2002 now U.S. Pat. No. 6,734,549. 

BACKGROUND OF THE INVENTION 

The concept “system LSI of a plurality of large-scale 
integrated circuits (LSIs) on a common Substrate has 
recently been brought in and various methods of designing 
system LSIs have also been proposed. System LSIs in 
particular have the advantage of being realized as a wide 
variety of multifunctional semiconductor devices on an 
extremely large scale of integration in Such a manner that a 
memory Such as a dynamic random access memory 
(DRAM), a logic LSI, an analog circuit Such as a high 
frequency circuit, etc., are mounted in one semiconductor 
device. 

As a method for testing each of such LSIs to determine 
whether the LSI is correctly formed, a built-in self-test 
(BIST), a scan test and a boundary scan test, for example, are 
known. 

FIG. 24 is a block diagram for explaining a conventional 
ordinary built-in self-test (BIST). As shown in FIG. 24, a 
pattern generator for generating a test pattern, a result 
compressor and a control circuit are provided as BIST means 
in an LSI. The control circuit makes the test pattern gen 
erator generate a test pattern in response to a start signal and 
input the generated test pattern to a logic circuit which is a 
test object (DUT), and make the result compressor obtain a 
testing signal output from the test object and output the 
testing signal out of the LSI. An external instrument (tester) 
determines whether the test object logic circuit is operating 
normally. According to this testing method, a test can be 
automatically made without generating a pattern in a tester. 
This method has the advantage of using a smaller number of 
pins and imposing only an extremely small load on the 
tester. 

FIG. 25 is a block diagram schematically showing an 
ordinary boundary scan test circuit. As shown in FIG. 25, the 
boundary scan test circuit has a scan chain formed by 
Successively. connecting flip flops (FFS) attached to external 
terminals of an LSI from an input test terminal (TDI) to an 
output test terminal (TDO). A test pattern is input to the scan 
chain to enable use of the boundary scan test circuit for 
determination as to whether connections between one LSI-A 
and an adjacent LSI-B are correctly made. 

FIG. 26 is a block diagram showing an example of a 
configuration of a scan chain used in an ordinary scan test. 
Ordinarily, in a scan-in method, a scan chain test pattern is 
externally Supplied and data output from a test object is 
immediately output from the test chain. That is, in ordinary 
cases of scan tests of internal circuits, no test pattern 
generator and no result compressor exist in the configuration 
shown in FIG. 24. However, Scan-in may be used as a means 
for realizing a BIST. 

FIG. 27 is a block diagram showing an example of a 
configuration of a flip flop provided in a boundary test circuit 
or a scan chain for a scan test of internal circuits. 

The above-described conventional system LSIs are con 
fronted with problems described below in actually forming 
devices. 
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2 
The first problem resides in difficulty in reducing the 

device manufacturing cost. This is due to a high cost of 
development of system LSIs and a limited manufacturing 
yield. 
The second problem resides in a considerable increase in 

wiring delay. In general, the height of devices is reduced in 
accordance with a shrinkage rule: With the reduction in 
sectional area of pieces of wiring, the wiring delay deter 
mined by RC (R is a resistance, and C is a parasitic 
capacitance) is increased. That is, as regards the wiring 
delay, the disadvantage of a design by a finer rule prevails 
over the advantage of the same. As a means for Solving this 
problem, a buffer may be provided in wiring. However, if a 
buffer is provided, another problem arises in that the area 
occupied by a device and the power consumption of the 
device are increased. 
The third problem resides in difficulty in reducing noise. 

If the power Supply Voltage is reduced, the current is 
increased and it is difficult to limit the increase in noise level 
corresponding to the increase in current. The S/N ratio 
becomes lower in proportion to the third to sixth power of 
the shrinkage rate. Thus, an increase in noise cannot be 
avoided when a finer design rule is used. That is, the point 
is how the power Supply impedance is limited. 

It is conceivable that a semiconductor device suitable for 
reduced-variety mass production is realized by mounting 
chip intellectual properties (IP) which are formed as inte 
grated circuits by a plurality of various devices on a semi 
conductor wiring Substrate having a wiring layer, e.g., a 
silicon wiring Substrate. The chip IPS can be used as a means 
for realizing a semiconductor device incorporating multiple 
kinds of semiconductor devices having multiple functions 
while maintaining a large wiring piece sectional area. 

However, there are no established means for mounting 
Such chip IPS on a wiring Substrate and for inspecting LSIs 
in the chip IPs. As mentioned above, the BIST method, the 
scan test method and the boundary scan test are known as 
conventional test methods. However, in a case where one of 
these test methods is used for testing of an IP On Super-Sub 
(IPOS) device, it has the drawback of requiring a consider 
ably long test time if each of LSls in chip IPs is separately 
tested after mounting of the chip IPs, and the drawback of 
being incapable of determination of defective/nondefective 
condition of wiring since there are no devices for receiving 
a signal on the wiring substrate before the chip IPs are 
provided. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a semi 
conductor device in which chip IPs capable of being used as 
design properties are mounted on a common semiconductor 
wiring Substrate, and which is designed so that each com 
ponents can be easily inspected, and a method for inspecting 
the components of the semiconductor device. 
To achieve the above-described object, according to a first 

device of the present invention, there is provided. a semi 
conductor device including a semiconductor wiring Sub 
strate having a semiconductor Substrate and a plurality of 
pieces of wiring formed on the semiconductor Substrate, a 
plurality of chip IPs to be connected to the plurality of pieces 
of wiring being mounted on the semiconductor wiring 
Substrate, an insulating layer formed on the pieces of wiring, 
and a boundary scan test circuit formed by a plurality of 
semiconductor elements provided on the insulating layer of 
the semiconductor wiring Substrate, the boundary scan test 
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circuit having connection points respectively connected to 
the plurality of pieces of wiring. 

The semiconductor wiring Substrate can be checked 
before mounting of the chip IPs to determine whether there 
is a defect in the wiring layer in the semiconductor wiring 
substrate. 

If the above-described boundary scan test circuit is con 
stituted by, for example, thin-film transistors (TFTs), it can 
be formed in the uppermost layer of the semiconductor 
wiring Substrate. 

According to a second device of the present invention, 
there is provided a semiconductor device including a semi 
conductor wiring Substrate having a semiconductor Substrate 
and a plurality of pieces of wiring formed on the semicon 
ductor substrate, a plurality of chip IPs to be connected to the 
plurality of pieces of wiring being mounted on the semi 
conductor wiring Substrate, a boundary scan test circuit 
provided in each of regions where the chip IPs are to be 
mounted, the boundary scan test circuit being constituted by 
a plurality of semiconductor element each having as its 
active region a portion of the semiconductor Substrate of the 
semiconductor wiring Substrate, the boundary scan test 
circuit being respectively connected to the plurality of pieces 
of wiring. 

In this arrangement, the boundary scan test circuit can be 
formed below the chip IP mount regions, so that the entire 
area can be reduced. 

According to a third device of the present invention, there 
is provided a semiconductor device including a semicon 
ductor wiring Substrate having a semiconductor Substrate 
and a plurality of pieces of wiring formed on the semicon 
ductor substrate, a plurality of chip IPs to be connected to the 
plurality of pieces of wiring being mounted on the semi 
conductor wiring Substrate, an insulating layer formed on 
the pieces of wiring, and testing pads for testing the chip IPs, 
the testing pads being formed in a grid pattern on the 
semiconductor wiring Substrate and individually connected 
to the plurality of pieces of wiring. 

After mounting of the chip IPs on the semiconductor 
wiring Substrate, each chip IP can be separately tested. 

If the testing pads are formed in a grid pattern over the 
entire Surface of the semiconductor wiring Substrate, the 
semiconductor wiring Substrate of the semiconductor device 
can adapted to chip IPS of any size. 

According to a fourth device of the present invention, 
there is provided a semiconductor device including a semi 
conductor wiring Substrate having a semiconductor Substrate 
and a plurality of pieces of wiring formed on the semicon 
ductor substrate, a plurality of chip IPs to be connected to the 
plurality of pieces of wiring being mounted on the semi 
conductor wiring Substrate, and testing pads for testing the 
chip IPs, the testing pads being formed on the semiconductor 
wiring Substrate and individually connected to the plurality 
of pieces of wiring. The above-described testing pads func 
tion as power Supply pads only at the time of testing. 

At the time of testing without consideration of power 
consumption, there is a possibility of all the chip IPs on the 
IPOS device operating at a time. Since the power consump 
tion during ordinary operation is set to a smaller value, there 
is a risk of a malfunction resulting from lack of power when 
all the chip IPs in the IPOS device are operated for testing. 
In the arrangement of the present invention, additional 
power is Supplied only at the time of testing to avoid lack of 
power. 

According to a fifth device of the present invention, there 
is provided a semiconductor device having a semiconductor 
substrate on which a plurality of chip IPs are to be mounted, 
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4 
and a plurality of pieces of wiring formed on the semicon 
ductor substrate to be used only for testing. 

Therefore a semiconductor device based on a design 
Suitable for facilitating testing can be obtained by using a 
semiconductor Substrate having Sufficiently large wiring 
formation regions. 

Preferably, the pieces of wiring for testing only are 
connected to the pads for testing of the chip IPs provided on 
the semiconductor wiring Substrate. 
On the semiconductor Substrate, a multilayer wiring layer 

may be formed in which a plurality of wiring layers and a 
plurality of insulating layers are alternately Superposed. The 
pieces of wiring for testing only may be formed in one of the 
layers in the multilayer wiring layer below the uppermost 
layer, and may be located below the pads. Therefore this 
wiring structure can also be used in the case where the pads 
are formed in a grid pattern. 
The above-described pieces of wiring for testing only may 

be formed in two of the above-described plurality of wiring 
layers so as to intersect with each other as seen in a plan 
view, and conductor portions are formable by dielectric 
breakdown between the testing pads and the two wiring 
layers at the points of intersection of the pieces of wiring. 
Thus, wiring routes can be formed as desired. 

According to a sixth device of the present invention, there 
is provided a semiconductor device including a semicon 
ductor wiring Substrate having a wiring layer, a plurality of 
chip IPs mounted on the semiconductor wiring substrate by 
being bonded thereto, a boundary Scan test circuit provided 
in each of the chip IPS, and an internal scan chain for an 
internal scan test. The scan chain is formed in each of the 
chip IPs and can operate simultaneously with the boundary 
scan test circuit. 

If scan-in and Scan-out terminals connected to the wiring 
in the wiring Substrate are provided according to this 
arrangement, Scan-in operation can be performed irrespec 
tive of the operation for the boundary scan test, so that the 
total test time can be reduced. In the IPOS device in 
particular, wiring to be used for a special purpose can easily 
be formed and the above-described testing circuit can there 
fore be formed easily. 
At least one of scanning signal input terminals connected 

to the internal scan chain is a terminal specially formed 
separately from the boundary scan test circuit. 

Thus, if scan-in and scan-out terminals connected to the 
wiring in the wiring Substrate used for internally testing 
only, Scan-in operation can be performed irrespective of the 
operation for the boundary scan test, so that the total test 
time can be reduced. 

Each of in-chip chains in the boundary scan test circuit of 
the plurality of chip IPs is formed so as to also function as 
the internal scan chain in the chip IP. An input-side wiring 
branch and an output-side wiring branch which respectively 
branch off from an input-side end portion and an output-side 
end portion of the boundary scan test circuit are formed in 
each of the chip IPs. A scan-in terminal of the internal scan 
chain is connected to the input-side wiring branch, while a 
scan-out terminal of the internal scan chain is connected to 
the output-side wiring branch. An input to the in-chip chain 
can be selected from a signal in the boundary scan test 
circuit and a signal from the input-side wiring branch. 
Consequently, the boundary scan test and the scan test on the 
internal circuit can be speedily made. 

According to a seventh device of the present invention, 
there is provided a semiconductor device including a semi 
conductor wiring Substrate having a wiring layer, a plurality 
of chip IPs mounted on the semiconductor wiring substrate 
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by being bonded thereto, a boundary scan test circuit pro 
vided in each of the chip IPs, at least two pieces of wiring 
formed in the wiring layer of the semiconductor wiring 
Substrate to be used only for testing, and an input terminal 
and an output terminal for a boundary scan test connected to 
the boundary scan test circuit in each of the chip IP and 
respectively connected to the two pieces or wiring for testing 
only. 

In this arrangement, a test pattern for the boundary scan 
test can be separately supplied to each chip IP, thus achiev 
ing a reduction in test time. 
The boundary scan test circuit in the plurality of chip IPs 

is formed so to also function as an internal scan test circuit 
in the chip IPS. An input-side wiring branch and an output 
side wiring branch which respectively branch off from an 
input-side end portion and an output-side end portion of the 
boundary scan test circuit are formed in each of the chip IPs. 
A scan-in terminal through which an internal scan test signal 
is input is connected to the input-side wiring branch. A 
scan-out terminal through which a scan test result is output 
is connected to the output-side wiring branch. Also, an input 
to the in-chip chain can be selected from a signal in the 
boundary scan test circuit and a signal from the wiring 
branch. Thus, it is possible to reduce the test time by 
changing the chain length between BST and BIST. 
The boundary scan test circuit in the plurality of chip Ips 

is formed integrally with the internal scan chain in the wiring 
layer of semiconductor siring Substrate. First special-pur 
pose wiring for Supplying a control signal Supplied to the 
internal scan chain in each of the chip IPs and second 
special-purpose wiring for outputting a signal from the 
internal scan chain in each of the chip IPs are also provided. 
A scan-in terminal of the internal scan chain in each of the 
chip IPS is connected to the first special-purpose wiring, 
while a scan-out terminal of the internal scan chain in each 
of the chip IPS is connected to the second special-purpose 
wiring. Thus, the entire chain is not formed and the entire 
structure is simplified. This structure is particularly suitable 
for POS devices. 

According to a first method of the present invention, there 
is provided a method for testing a semiconductor device 
including a logic circuit having a boundary scan test func 
tion and a built-in self-test (BIST) function, the method 
comprising combining a built-in logic block observer 
(BILBO) function with the boundary scan test function of 
the logic circuit, and making a boundary scan test and a 
built-in self-test (BIST) on the logic circuit. 

This method enables a BILBO test to be made on periph 
eral portions outside the external terminals, where testing 
based on the conventional method is difficult. 

According to still a second method of the present inven 
tion, there is provided a method for testing a semiconductor 
device including a logic circuit having a boundary scan test 
function and a built-in self-test (BIST) function, the method 
comprising providing a built-in logic block observer 
(BILBO) function in the logic circuit, and making a bound 
ary scan test and a BIST on the logic circuit by Supplying a 
linear feedback shift register (LFSR) signal as a boundary 
scan test signal to the logic circuit and by compressing 
boundary scan test results. 

This method enables a BILBO test to be made on periph 
eral portions outside the external terminals. 

According to still an eighth device of the present inven 
tion, there is provided a semiconductor device including a 
semiconductor wiring Substrate having a wiring layer, a 
plurality of chip IPs mounted on the semiconductor wiring 
Substrate by being bonded thereto, a scan test circuit pro 
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6 
vided in each of the chip IPs, the scan test circuit having a 
plurality of Scan-in terminals and the same number of 
scan-out terminals as the number of the scan-in terminals, 
and a plurality of pieces of wiring formed in the wiring layer 
of the semiconductor wiring substrate to be used only for 
testing. A control signal is Supplied to the scan test circuit of 
each of the chip IPs through the pieces of wiring. The 
number of the pieces of wiring is equal to the number of the 
scan-in terminals. The scan-in terminals of the scan test 
circuit in each of the chip IPs are respectively connected to 
the pieces of wiring for testing only. 

This arrangement enables the scan test to be separately 
made on the internal circuit of each chip IP, thereby reducing 
the scan test time. 
A gate may also be provided which is connected to each 

of the scan-interminals. The gate sets an input to the scan-in 
terminals to a fixed value when a mode other than the scan 
test mode is selected. Thus, it is possible to reduce the power 
consumption by inhibiting the operation of the chip IPs other 
than the current test object. 

According to a ninth device of the present invention, there 
is provided a semiconductor device including a semicon 
ductor wiring Substrate having a wiring layer, a plurality of 
chip IPs mounted on the semiconductor wiring substrate by 
being bonded thereto, a scan test circuit provided in each of 
the chip IPs, the scan test circuit having a plurality of scan-in 
terminals and the same number of scan-out terminals as the 
number of the scan-in terminals, and a plurality of pieces of 
wiring formed in the wiring layer of the semiconductor 
wiring Substrate to be used only for testing. A control signal 
is supplied to the scan test circuit of each of the chip IPs 
through the pieces of wiring. The number of the pieces of 
wiring is equal to the number of the scan-out terminals. The 
scan-out terminals of the scan test circuit in each of the chip 
IPs are respectively connected to the pieces of wiring for 
testing only. 
A gate may be further provided which is connected to 

each of the scan-out terminals and has a high-impedance 
when a mode other than a scan test mode is selected, thereby 
preventing mixing of test outputs from the ship IPS in the 
wiring for testing only. 

According to a ninth device of the present invention, there 
is provided a semiconductor device including a semicon 
ductor wiring Substrate having a wiring layer, a plurality of 
chip IPs mounted on the semiconductor wiring substrate by 
being bonded thereto, a scan test circuit provided in each of 
the chip IPs, the scan test circuit having a plurality of scan-in 
terminals and the same number of scan-out terminals as the 
number of the scan-in terminals, and clock wiring formed in 
the wiring layer of the semiconductor wiring Substrate, the 
clock wiring being used only for Supplying a clock signal to 
the scan test circuit of each of the chip IPs. A clock terminal 
of the scan test circuit in each of the chip IPs is connected 
to the clock wiring. 

Each chip IP is connected to the common clock wiring to 
enable the circuits in the chips IP to operate in synchroni 
zation with each other by a small clock skew. 

According to a tenth device of the present invention, there 
is provided a semiconductor device comprising a semicon 
ductor wiring Substrate having a semiconductor Substrate 
and a wiring layer formed on the semiconductor Substrate, a 
plurality of chip IPs mounted on the semiconductor wiring 
substrate by being bonded thereto, and a test controller 
provided on the semiconductor wiring substrate for the 
purpose of controlling a circuit in each of the chip IPs. 
The test controller is used to enable various tests to be 

easily made on each chip IP in the semiconductor device. 
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The above-described test controller may be constituted by 
a semiconductor element having a portion of the semicon 
ductor Substrate as its active region, or may be is provided 
as a chip IP on the semiconductor wiring Substrate. 
When the circuit in a first one of the plurality of chip IPs 

is separately tested by a scan method, if a boundary scan test 
circuit exists in the circuit in a second one of the chip IPs 
adjacent to the first one of the chip IPs, the test controller 
Supplies a test pattern from an internal scan chain in the 
circuit in the first one of the chip IPs and executes an 
operation for connection to the boundary scan test circuit to 
simultaneously make the test on the circuit in the first one of 
the chip IPs and a test on the wiring between the first one of 
the chip IPs and the second one of the chip IPs, it can be 
determined, by using the boundary scan test circuit of the 
adjacent chip IPs, simultaneously, whether the internal cir 
cuit of the chip IP is defective or not, and whether the wiring 
connection states between the chip IP and adjacent chip IP 
is defective or not. 
The circuit in each of the chip IPs has a linear feedback 

shift register (LFSR) function, a multiple input signature 
register (MISR) function and a BIST function. The test 
controller Supplies a signal from a linear feedback shift 
register (LFSR) to a scan-in terminal of each of the chip IPs 
and makes a multiple input signature register (MISR) take in 
a signal from a scan-out terminal of each of the chip IPs. The 
functions necessary for the BIST on each chip IP are thus 
combined in one chip IP to enable centralized control of the 
test, thus achieving the effect of reducing the scale of the 
circuit in each chip IP. 
The semiconductor device may further has a function for 

controlling the power supply voltage to each of the chip IPs, 
Such that the test controller Supplies the power Supply 
voltage only to the circuit in the chip IP subjected to a test 
among the plurality of chip IPS and stops supply of the 
power supply voltages to the other chip IPs. This control 
makes it possible to reduce the power consumption at the 
time of testing and, hence, to prevent a malfunction of the 
components of each chip IP at the time of testing. 

According to still a further aspect of the present invention, 
there is provided a mounting method for a semiconductor 
device, comprising a step (a) of mounting a plurality of chip 
IPs on a semiconductor wiring Substrate having a wiring 
layer by bonding the chip IPs to the semiconductor wiring 
Substrate, a step (b) of making a go-no-go test on the 
plurality of chip IPs and a step (c) of substituting another 
chip IP of the same type for the chip IP determined as a 
defective one in the step (b), and making the go-no-go test 
on the substituted chip IP. The step (c) is repeated until the 
substituted chip IP is determined as a nondefective one. 

This method ensures improved reliability of the IPOS 
device and facilitate mounting of the components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a plan view of a silicon wiring substrate used 
as a wiring Substrate on which a group of IPs are mounted. 

FIG. 1B is a plan view of an example of a group of IPs 
mounted on the silicon wiring Substrate. 

FIG. 1C is a cross-sectional view of the silicon wiring 
substrate. 

FIG. 2 is a block diagram showing the circuit configura 
tion on the silicon wiring substrate in a first embodiment of 
the present invention. 

FIG. 3A is a cross-sectional view of an arrangement in 
which flip flops are provided on the silicon substrate in the 
silicon wiring Substrate. 
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8 
FIG. 3B is a block diagram of an arrangement in which 

flip flops are provided on the silicon wiring substrate. 
FIG. 4 is a schematic plan view of the structure of an 

IPOS device in a second embodiment of the present inven 
tion. 

FIG. 5 is a schematic plan view of the structure of testing 
wiring in the second embodiment. 

FIGS. 6A and 6B are a plan view and a cross-sectional 
view, respectively, of an example of a modification of the 
IPOS device in the second embodiment. 

FIG. 7 is a plan view of an IPOS device in a third 
embodiment of the present invention. 

FIG. 8 is a plan view of an IPOS device in a third 
embodiment of the present invention. 

FIG. 9A is a cross-sectional view of a single chip IP in a 
second embodiment of the present invention. 
FIG.9B is a cross-sectional view of an IPOS device in the 

second embodiment. 
FIG. 10 is a block diagram showing the configuration of 

a portion of an IPOS device in a first example of a sixth 
embodiment. 

FIG. 11 is a block diagram showing the configuration of 
a portion of an IPOS device in a third example of the sixth 
embodiment. 

FIG. 12 is a block diagram showing the configuration of 
a portion of an IPOS device in a fourth example of the sixth 
embodiment. 

FIG. 13 is a block diagram showing the configuration of 
a portion of an IPOS device in a fifth example of the sixth 
embodiment. 

FIG. 14 is a block diagram showing the configuration of 
a portion of an IPOS device in a first example of a seventh 
embodiment of the present invention. 

FIG. 15 is a block diagram showing the configuration of 
a portion of an IPOS device in a second example of the 
seventh embodiment. 

FIG. 16 is a block diagram Schematically showing a test 
in the IPOS device in the example of the seventh embodi 
ment. 

FIG. 17A is a plan view of the configuration of a portion 
of an IPOS device in an eighth embodiment of the present 
invention. 

FIG. 17B is a circuit diagram of a characteristic portion of 
the circuit in one chip IP of the IPOS device in the eighth 
embodiment. 

FIG. 18 is a block diagram schematically showing a basic 
configuration of an IPOS device in a ninth embodiment of 
the present invention. 

FIG. 19 is a block diagram showing the configuration of 
a chip IP in a first example of the ninth embodiment. 

FIG. 20 is a block diagram schematically showing the 
configuration of a chip IP in a second example of the ninth 
embodiment. 

FIG. 21 is a block diagram schematically showing the 
entire configuration of an IPOS device in a third example of 
the ninth embodiment. 

FIGS. 22A and 22B are schematic plan views of the 
device, showing steps in the IPOS device mounting process 
in the ninth embodiment. 

FIGS. 23A and 23B are block diagrams showing 
examples of the BSR used in the sixth embodiment. 

FIG. 24 is a block diagram for explaining a conventional 
ordinary built-in self-test (BIST). 

FIG. 25 is a block diagram schematically showing an 
ordinary boundary scan test circuit. 

FIG. 26 is a block diagram showing an example of a 
configuration of a scan chain used in an ordinary scan test. 
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FIG. 27 is a block diagram showing an example of a 
configuration of a flip flop provided in a boundary test circuit 
or a scan chain for a scan test of internal circuits. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Fundamental Structure as Basis for the Present Invention 
According to the present invention, an arrangement in 

which chip IPS incorporating various devices are mounted 
on a semiconductor wiring Substrate having a wiring layer, 
e.g., a silicon wiring Substrate (Super-Sub) is used as a 
means for realizing a semiconductor device incorporating 
multiple kinds of semiconductor devices having multiple 
functions while maintaining a large wiring piece sectional 
area. A circuit (IC) formed in each chip IP can be treated as 
an intellectual property (IP) in designing the semiconductor 
device, and the semiconductor device may be considered a 
group of various IPS bonded to a surface of a semiconductor 
wiring Substrate. That is, the entire semiconductor device is 
“IP On Super-Sub”. In the description of embodiments of the 
present invention in this specification, the entire semicon 
ductor device having a silicon Substrate and a group of IPS 
is referred to as “IPOS device. 

FIG. 1A is a plan view of a silicon wiring substrate used 
as a wiring substrate on which a group of IPs (chip IPs) are 
mounted, FIG. 1B is a plan view of an example of a group 
of IPs mounted on the silicon wiring substrate, and FIG. 1C 
is a cross-sectional view of the silicon wiring Substrate. As 
shown in FIGS. 1A and 1B, a plurality of regions for 
mounting various IPs are defined on a silicon wiring Sub 
strate 10, and a group of IPs, e.g., a DC/AC-IP, an analog-IP. 
a logic-IP, a CPU-IP, a DSP-IP, a flash memory-IP, a 
SRAM-IP, a DRAM-IP, and I/O-IP can be mounted as chip 
IPs in the substrate regions. As shown in FIG. 1C, the silicon 
wiring Substrate 10 includes a silicon Substrate 11, a ground 
plane 12, a first wiring layer 13, a second wiring layer 14, 
and pads 15. The ground plane 12 is formed on the silicon 
substrate 10 with an insulating layer (not shown) interposed 
therebetween. The first wiring layer 13 is formed on the 
ground plane 12 with an interlayer insulating film interposed 
therebetween. The second wiring layer 14 is formed on the 
first wiring layer 13 with an interlayer insulating film 
interposed therebetween. The pads 15 are formed on the 
second wiring layer 14 with a passivation film interposed 
therebetween. Connections are established by contacts (not 
shown) between the pads 15, the wiring layers 13 and 14, 
and the ground plane 12 at desired positions. The IPs are 
placed on and bonded to the pads 15 to be electrically 
connected to each other through the wiring layers 13 and 14 
or to the ground plane 12. The silicon wiring substrate 10 is 
thus constructed. 

The restrictions on the size of pieces of wiring in the 
wiring layers 13 and 14 of the silicon wiring substrate 10 are 
moderate and pieces of wiring having a width of several 
microns can be formed. This wiring structure is advanta 
geous as described below. Wiring having the wiring piece 
size corresponding to that of the wiring empirically recog 
nized as having best wiring characteristics in the course of 
miniaturization of semiconductor integrated circuit devices 
to date can be provided. Also, the electrical impedance of 
wiring can be reduced. 

The chip IPs on the silicon wiring substrate have many 
functions. However, there are two conceptions about the 
functions of chip IPs: one which resides in maximizing the 
number of functions to be used, and one which resides in 
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10 
limiting the number of functions to be used. That is, while 
it is desirable to arrange a device so that the device has such 
a configuration as to be adaptable to various methods for use 
to meet various user demands, there is a need to limit the 
device to some functions in practice. That is, if these two 
contradictory requirements are satisfied, it is possible to 
construct an IPOS device satisfying various user needs and 
suitable for reduced-variety mass production. Therefore 
means for selecting, limiting and setting intrinsic multiple 
functions of an IPOS device are required. Such means are 
realized as a method of evaluating the functions of chip IPs 
on the silicon wiring Substrate, a method of selecting func 
tions, an on-chip configuration, etc. Embodiments of the 
present invention will be described with respect to examples 
of Such means. 

EMBODIMENT 1 

FIG. 2 is a block diagram showing a circuit configuration 
on a silicon wiring substrate 20 of a first embodiment of the 
present invention. On the silicon wiring substrate 20 are 
formed pads 25 connected to pads of chip IPs by diffusion 
junction or the like, and pieces of wiring 24 for connection 
between pairs of the pads 25 (between two chip IPs 21 and 
22). This embodiment is characterized in that flip flops 23 
are respectively provided in the vicinity of and below end 
portions of the pieces of wiring 24 located in regions where 
the chip IPs are mounted (regions indicated by broken lines 
in the figure). That is, two flip flops 23 are provided at 
positions close to opposite ends of each piece of wiring 24. 
The position of each flip flop. 23 may be such that the flip 
flop overlaps the chip IP or does not overlap the chip IP. A 
scan chain 30 is formed in which the flip flops 23 are 
Successively connected. A boundary scan test can be carried 
out by using this scan chain 30. For example, one boundary 
scan test selected from various types of boundary scan test 
to be carried out in this embodiment is such that a test pattern 
signal (e.g., “100111101 . . . ) is supplied from each of flip 
flops 23 provided in the vicinity of the region where chip IP 
21 for example is mounted to the corresponding piece of 
wiring 24 through the pad 25 and is taken out through the flip 
flop. 23 provided in the vicinity of the next-stage chip IP 22. 
By comparison between the signal thus obtained and the 
input test pattern, a break, a short or the like in the wiring 24 
can be detected. 

FIG. 3A is a cross-sectional view showing an example of 
an arrangement in which flip flops are provided on the 
silicon substrate in the silicon wiring substrate, and FIG. 3B 
is a block diagram showing an example of an arrangement 
in which flip flops are provided above the silicon wiring 
substrate. 

In the example shown in FIG. 3A, a multilayer wiring 
layer 20b having a plurality of wiring layers between which 
an insulating layer is interposed is provided on a silicon 
substrate 20a, and each of flip flops 23 is constituted by a 
plurality of MOS transistors using portions of silicon sub 
strate 20a as source and drain regions. A well-known MOS 
transistor combination and a well-known connection 
between MOS transistors, not shown in the figure, may be 
used in the flip flops 23. The flip flops 23 are connected to 
each other by wiring provided in one of wiring layers on the 
silicon substrate 20a. Pieces of wiring 24 for connection 
between pads 25 are provided, for example, in the upper 
most wiring layer. In the pieces of wiring 24, the pads 25. 
and external connection terminal pads of chip IPs 21 and 22 
indicated by the broken line are connected to each other by 
using diffusion junction or the like between metals. 
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In the example shown in FIG. 3B, flip flops 23 constituted 
by thin-film transistors (TFTs) are placed on the silicon 
wiring Substrate, and are connected to pieces of wiring 24 
through pads 26. The flip flops 23 and the pads 26 are 
connected by the wiring on the silicon wiring Substrate to 
form a scan chain 30. 

In this embodiment, at a point in time when chip IPs are 
not mounted after the formation of the silicon wiring sub 
strate 20, it is possible to check defective/nondefective 
condition of wiring in the silicon wiring Substrate even 
though the chip IPs do not exist. That is, in a semiconductor 
device tested by a conventional boundary scan test, devices 
which receive a signal are provided in logic circuits. In this 
arrangement, the boundary scan test is carried out after 
mounting of chip IPs. However, it is desirable that a semi 
conductor device such as an IPOS device in which various 
chip IPs are mounted on the silicon wiring substrate (Super 
Sub) according to user demands have such flexibility that 
variations of the structure of the silicon wiring substrate are 
minimized and the kinds of chip IPs to be mounted are 
selected according to orders. In this embodiment, at the 
point in time when the silicon wiring Substrate is formed, 
defective/nondefective condition of wiring in the wiring 
layer on the silicon wiring Substrate without mounting chip 
IPs on the silicon wiring substrate. Therefore a large number 
of silicon wiring Substrates whose quality is guaranteed can 
be prepared while excluding defective ones. 

EMBODIMENT 2 

FIG. 4 is a schematic plan view of the structure of an 
IPOS device in a second embodiment of the present inven 
tion. As shown in FIG. 4, the IPOS device of this embodi 
ment has testing pads 31 are placed in a grid pattern on a 
silicon wiring substrate 20 in regions other than regions R. 
where IPs are to be mounted. 

After chip IPs have been mounted on the silicon wiring 
substrate 20, a scan test or a BIST on the chip IPs can be 
carried out by using some of the testing pads 31 selected as 
desired. That is, in this embodiment, with respect to any of 
various kinds of chip IP mounted in the chip mount regions 
R, a testing method can be selected according to the kind 
of chip IP and carried out. Different kinds of testing circuit 
to be used in combination of groups of testing pads may be 
provided. 

FIG. 5 is a schematic plan view of the structure of testing 
wiring in this embodiment. As shown in FIG. 5, pieces of 
testing wiring 32 for connecting testing pads 31 to external 
terminals 33 are formed so as to extend in vertical and 
horizontal directions, thereby ensuring use of a multiplicity 
of testing pads 31. 

FIGS. 6A and 6B are a plan view and a cross-sectional 
view, respectively, of an example of a modification of the 
IPOS device in this embodiment. In this example of modi 
fication, testing pads 36 are formed in a grid pattern on the 
entire Surface of a silicon wiring Substrate 20, and a multi 
plicity of pieces of testing wiring 34 extending in parallel 
with each other and a plurality of pieces of testing wiring 35 
extending by intersecting the pieces of testing wiring 34 are 
also provided. At one point of intersection, the pieces of 
testing wiring 34 and 35 and the testing pad 36 are connected 
to each other by plugs 37a and 37b formed by dielectric 
breakdown. At some of the intersections other than those 
shown in FIG. 6B, different types of connections are made, 
including one using only a plug formed between the pieces 
of wiring 34 and 35, one using only plug. 37a for connection 
between the testing pad 36 and the piece of wiring 34, and 
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one using plug 37b for connection between the testing pad 
36 and the piece of wiring 35. Further, at some of the other 
intersections, no plug is formed. Thus, wiring routes can be 
freely formed according to the kind of chip IP, etc. 

Another modification of this embodiment is conceivable 
in which plugs made of a fuse wire are formed in advance 
at the positions corresponding to plugs 37a, 37b, and 37c, 
and each plug is cut by energization or left unchanged to 
obtain the desired testing wiring structure. 

EMBODIMENT 3 

FIG. 7 is a plan view of an IPOS device in a third 
embodiment of the present invention. In this embodiment, a 
multiplicity of chip IPs 43 and a multiplicity of testing pads 
41 are placed on a silicon wiring substrate 20. In this 
embodiment, power Supply pads 42 to be used only at the 
time of testing are provided. 

In this embodiment, additional power Supply pads 42 to 
be used only at the time of testing are provided to achieve 
an effect described below. In general, a chip IP design for 
reducing power consumption by allowing only part of chip 
IPs to operate at a time can be adopted by considering an 
increased power consumption when all the chip IPs 43 
operate simultaneously in actual use. Ordinarily, Such a 
power consumption setting is made to limit the power 
consumption during operation in actual use. However, at the 
time of testing without consideration of power consumption, 
there is a possibility of all the chip IPs 43 on the IPOS device 
operating at a time. Since the entire IPOS device is designed 
in accordance with a power consumption requirement with 
respect to actual use, there is a risk of a malfunction resulting 
from lack of power when all the chip IPs in the IPOS device 
are operated for testing. In this embodiment, therefore, 
power Supply pads 42 to be used only at the time of testing 
are provided and additional power is Supplied only at the 
time of testing, thereby avoiding lack of power. 

EMBODIMENT 4 

A fourth embodiment of the present invention relating to 
an isolation test will be described. A test referred to as an 
isolation test is characterized by an arrangement using a 
selector and wiring for testing. An internal circuit of a chip 
IP is accessible from the outside through its external con 
nection terminal if the chip IP is singly mounted. Once the 
chip IP is confined in an IPOS device, it is difficult to access 
the internal circuit of the chip IP. In a large-scale integrated 
circuit device Such as a system LSI, therefore, a selector is 
inserted in a signal line between circuits, wiring for con 
nection between one input portion of the selector and an 
external connection terminal is provided, an output signal 
from the circuit in the preceding stage and a signal from the 
output connection terminal is selectively input to the circuit 
in the following stage, thus enabling each circuit to be singly 
tested. 

FIG. 8 is a plan view of an IPOS device of this embodi 
ment. In this embodiment, as shown in FIG. 8, a selector 46 
is inserted in each of signal lines between each adjacent pair 
of a chip IP-A, a chip IP-B, a chip IP-C, a chip IP-D, ... and 
a signal line connecting a testing pad 45 and an input portion 
of the selector 46 is provided to enable each chip IP to be 
singly tested. Also, a signal line connecting an input change 
control portion of the selector 46 and a testing pad 45 and a 
signal line connecting an output signal line from each chip 
IP and a testing pad 45 are also provided. That is, the testing 
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pads 45 are used for inputting a testing signal (test pattern), 
for extracting the testing signal, and for control of testing. 

According to this embodiment, various tests can be made 
on each chip circuit in a manner similar to a test made of 
each chip IP in a state of being singly operated outside the 
device. For example, a scan test may be made on each chip 
IPs by inputting a test pattern to the chip IP from the 
corresponding selector. 

EMBODIMENT 5 

A fifth embodiment of the present invention relating to a 
method of connecting testing pads in a case where a plurality 
of chip IPs are used in a superposed state will be described. 
FIG. 9A is a cross-sectional view of a single chip IP of this 
embodiment, and FIG. 9B is a cross-sectional view of an 
IPOS device of this embodiment. 
As shown in FIG.9A, first testing pads 51 are provided in 

an upper surface of the chip IP of this embodiment, while 
second testing pads 52 are provided in a lower surface of the 
chip IP. Although only two testing pads 51 and one testing 
pads 52 are illustrated in FIG. 9A, there are other testing 
pads which can be seen in other cross sections. A multiplic 
ity of first testing pads 51 and a multiplicity of second testing 
pads 52 are provided. Some of the first testing pads 51 are 
connected to the second testing pads 52 by wiring 53, while 
the other first testing pads 51 are connected to pads on a 
silicon wiring Substrate for example. 
As shown in FIG. 9B, a chip IP-A, a chip IP-B, a chip 

IP-C, and a chip IP-D are placed on a silicon wiring substrate 
50 while being superposed one on another. The second 
testing pads of the chip IP-A at the lowermost position are 
connected to a wiring layer 55 in the silicon wiring substrate 
50 via the plug 56. 

EMBODIMENT 6 

A sixth embodiment of the present invention relating to 
various tests for separately checking each of a plurality of 
chip IPs will be described. In a case where a test for 
separately checking each of a plurality of chip IPS is made 
after the chip IPs have been mounted and incorporated in an 
IPOS device, an internal test on the internal circuit may be 
made by using a boundary scan test circuit in the chip IP. 
However, if Scanning in each of a boundary scan test pattern 
and an internal test pattern is performed by using the 
conventional boundary Scan test circuit (e.g., one shown in 
FIG. 25), a considerably long test time is required. This 
embodiment will be described with respect to means for 
carrying out an internal test and a boundary test with 
efficiency. 

First Example 

FIG. 10 is a block diagram showing the configuration of 
a portion of an IPOS device in a first example of this 
embodiment. As shown in FIG. 10, in the IPOS device of 
this embodiment, a first piece of testing wiring 60, which is 
used only for testing, and through which a scan-in signal 
(test pattern) is transmitted, a second piece of testing wiring 
61, which is used only for testing, and through which a 
scanning enable signal is transmitted, and a third piece of 
testing wiring 64, which is used only for testing, and through 
which the result of an internal test is output, are provided on 
a silicon wiring Substrate separately from wiring constituting 
a boundary scan test circuit 67. In each of chip IPs, a scan 
chain 72 is formed which connects, via flip flops 71, a 
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scan-in terminal 62 through which an input from the first 
testing wiring 60 is received, a scan control input terminal 
63 through which an input from a second testing wiring 61 
is received, a signal output terminal 65 through which a 
scan-out signal is output to the third testing wiring 64, and 
an input terminal (TDI) 66 through which a boundary scan 
test signal is input to this chip IP. A scan test is made on the 
internal circuit in each chip IP (inspection object-DUT) by 
using this scan chain. The boundary scan test circuit 67 has 
an output terminal (TDO) 68 through which the boundary 
scan test signal is output out of the chip IP. The boundary 
scan test circuit 67 includes boundary scan registers (BSR) 
69. 

In this embodiment, “BSR' refers to a circuit such as 
shown in FIG. 23A or 23B, which uses a combination of flip 
flops and a selector and has a register function. The con 
figuration shown in FIG. 23A is used as the portion of the 
boundary scan test circuit through which a signal is received 
from the piece of wiring subjected to wiring test, while the 
configuration shown in FIG. 23B is used as the portion 
through which a test pattern is output. However, there are 
many BSR's other than those shown in FIGS. 23A and 23B, 
and any other BSR may be used in the boundary scan test 
circuit of this embodiment. 

In this embodiment and in each of embodiments described 
below, connections via external connection terminals are 
established between the flip flops or BSRs of the boundary 
scan test circuit in each adjacent pair of chip IPS. However, 
the external connection terminals are not shown in the 
drawings except for a special case. 

According to this embodiment, if scan-in terminals and 
scan-out terminals connected to wiring on a wiring Substrate 
used only for internal testing are provided, a scan-in test can 
be carried out irrespective of the operation for a boundary 
scan test while using part of the boundary scan test circuit 
67, thus achieving a reduction in test time. 

This testing method is made possible by providing, on a 
silicon wiring substrate, pieces of wiring 60, 61, and 64 used 
only for internal testing. That is, in conventional semicon 
ductor integrated circuit devices, restrictions on wiring lay 
out are so severe that the provision of wiring for testing only 
is not conceivable. On the other hand, semiconductor 
devices constructed by mounting semiconductor chips on a 
printed circuit board need not be designed by considering 
Such wiring since external terminals from each semiconduc 
tor chip are exposed to facilitate internal testing using a 
tester or the like. 

Second Example 

In a second example of this embodiment, each of BSRs 69 
in an arrangement shown in FIG. 10 is arranged to output a 
signal even when an internal testing mode is selected. In this 
example, the advantage of eliminating the need for scan-out 
terminal 65 is obtained as well as the same effect as that of 
the first example. The scan-out signal output from each BSR 
69 may enter a register. 

Third Example 

FIG. 11 is a block diagram showing the configuration of 
a portion of an IPOS device in a third example of this 
embodiment. In this example, the first and second pieces of 
testing wiring 60 and 61 in the second example of this 
embodiment are not provided and only the third piece of 
testing wiring 64 is provided. A signal for internal testing 
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and a scan enable signal are respectively input from BSRS 
69a and 69b in the boundary scan test circuit 67. 
The arrangement in this example has the advantage of 

reducing wiring provided on the silicon wiring Substrate for 
testing only is in comparison with those in the first and 
second examples, but is comparatively disadvantageous in 
that the test time is long. 

Fourth Example 

FIG. 12 is a block diagram showing the configuration of 
a portion of an IPOS device in a fourth example of this 
embodiment. As shown in FIG. 12, a boundary scan test 
circuit (scan chain) 67 is formed by being connected through 
a chip IP-A, a chip IP-B, a chip IP-C. . . . . In each chip IP 
are provided BSRs 69 arranged in the boundary scan test 
circuit (scan chain) 67, a standard input terminal TDI for 
inputting a boundary scan test signal to the chip IP and a 
standard output terminal TDO for outputting the boundary 
scan test signal out of the chip IP. The arrangement in this 
example is characterized by the provision of a scan-in 
terminal TDI1 for inputting a test pattern for an internal test 
signal and a scan-out terminal TDO1 for outputting the 
result of a test using the internal test signal, and by the 
provision of a selector 75 for alternately selecting signals to 
be input to the boundary scan test circuit (in-chip chain) 67 
from the standard input terminal TDI and the scan-inter 
minal TDI1. The scan-in terminal TDI1 and the scan-out 
terminal TDO1 are respectively connected to first and sec 
ond pieces of wiring 76 and 77 for testing only, provided on 
the silicon wiring Substrate. A control signal (scan enable) 
for control of the selector 75 may be input through the 
wiring for testing only or may be input through one of the 
BSRs 69. That is, a scan test on the internal circuit (DUT) 
of each chip IP is made by utilizing the boundary scan test 
circuit 67. 

In this example, pieces of wiring branching off from the 
boundary scan test circuit 67 are formed outside the in-chip 
chain formed by the boundary scan test circuit 67, and 
inputting of a test pattern for a scan test on the internal 
circuits and outputting of the scan test result are performed 
by using, through these wiring branches, the wiring for 
testing only. Thus, the boundary scan test circuit 67 can be 
used for internal testing, while a test pattern for an internal 
test signal is effectively input by using the first and second 
pieces of wiring 76 and 77 for testing only in the same 
manner as in the first example of this embodiment. 

Fifth Example 

FIG. 13 is a block diagram showing the configuration of 
a portion of an IPOS device in a fifth example of this 
embodiment. As shown in FIG. 13, no boundary scan test 
circuit (scan chain) 67 connected through a chip IP-A, a chip 
IP-B, a chip IP-C, ... is provided in this example. In each 
of the chip IP-A, the chip IP-B, the chip IP-C. . . . are 
provided a boundary scan test circuit 80, BSRs 69 arranged 
in the boundary scan test circuit 80, a standard input terminal 
TDI for inputting a boundary scan test signal to the chip IP, 
a standard output terminal TDO for outputting the boundary 
scan test signal out of the chip IP, a scan-in terminal TDI1 
for inputting a test pattern for an internal test signal and a 
scan-out terminal TDO1 for outputting the result of a test 
using the internal test signal, and a selector 75 for alternately 
selecting signals to be input to the boundary scan test circuit 
(in-chip chain) 80 from the standard input terminal TDI and 
the scan-in terminal TDI1. The scan-in terminal TDI1 and 
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the scan-out terminal TDO1 are respectively connected to 
first and second pieces of wiring 76 and 77 for testing only, 
and the standard input terminal TDI and the standard output 
terminal TDO are respectively connected to third and fourth 
pieces of wiring 78 and 79 for testing only. The first to fourth 
pieces of testing wiring 76 to 79 extending from each chip 
IP are connected to first to fourth common testing wiring 76x 
to 79x. Also in this example, a scan test on the internal circuit 
(DUT) of each chip IP is made by utilizing the boundary 
scan test circuit 80. 

Also in this example, a control signal (scan enable) for 
control of the selector 75 may be input through the wiring 
for testing only or may be input through one of the BSRs 69. 

In this example, instead of the boundary scan test circuit 
formed by being connected in series through the chip IPs, 
the boundary scan test circuits 80 are formed in parallel with 
each other in correspondence with the chip IPs by using the 
third and fourth pieces of wiring 78x and 79x for testing 
only. Consequently, the time required for inputting the test 
pattern for the boundary scan test is remarkably reduced, 
while the same effect as that of the fourth example is 
obtained. Thus, the effect of reducing the test time in this 
example is particularly high. 

EMBODIMENT 7 

A seventh embodiment of the present invention relating to 
a test based on a BIST method will next be described. As 
described above, a BIST is known as one of the conventional 
logic circuit testing methods (see FIG. 24). The conventional 
BIST requires that the inspection object (DUT) be a com 
bination circuit, and therefore has the problem that an 
untested region exists between the external connection ter 
minals of the logic circuit and the inspection object. This 
embodiment will be described with respect to means for 
solving this problem. Each of examples of this embodiment 
described below is an example of application of the present 
invention in the form of this embodiment to an IPOS device. 
However, this embodiment of the present invention is not 
limited to the examples described below. The present inven 
tion in the form of this embodiment can be applied to 
systems other than IPOS devices, for example, a system in 
which semiconductor chips are mounted on a printed circuit 
board, and a three-dimensional device system. 

First Example 

FIG. 14 is a block diagram showing the configuration of 
a portion of an IPOS device in a first example of this 
embodiment. As shown in FIG. 14, a boundary scan test 
circuit 67 is formed by being connected through a chip IP-A, 
a chip IP-B, a chip IP-C, ... and a BIST circuit 81 is formed 
in each chip IP. BSRs 69 are arranged in the boundary scan 
test circuit 81, and flip flops 82 are arranged in the BIST 
circuit 81. In this example, each of the boundary scan test 
circuit 67 and the BIST circuit 81 has built-in logic block 
observer (BILBO) functions. The BILBO functions are a 
combination of functions necessary for a BIST and a scan 
ning function. That is, each of the boundary scan test circuit 
67 and the BIST circuit 81 is a circuit having a linear 
feedback shift registor (LFSR) function for generating a 
pseudo random test pattern for a BIST, a function for 
compressing test results, and a scanning function. In each 
chip IP are provided a standard input terminal TDI for 
inputting a boundary scan test signal to the chip IP a 
standard output terminal TDO for outputting the boundary 
scan test signal out of the chip IP, a scan-in terminal 62, and 
a scan-out terminal 65. 
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In this example, a BIST and a boundary scan test can be 
carried out by using the boundary scan test circuit 67 and the 
BIST circuit 81. Conventionally, only combination circuits 
can be tested if only the BIST circuit 81 is used. In contrast, 
in this example of the present invention, a BIST can be made 
on peripheral regions existing between each combination 
circuit and the external terminals. Consequently, tests for 
ensuring high reliability can be made with efficiency. 

Second Example 

FIG. 15 is a block diagram showing the configuration of 
a portion of an IPOS device in a second example of this 
embodiment. As shown in FIG. 15, a boundary scan test 
circuit 67 is formed by being connected through a chip IP-A, 
a chip IP-B, a chip IP-C, ... and a BIST circuit 81 is formed 
in each chip IP. BSRs 69 are arranged in the boundary scan 
test circuit 67, and flip flops 90 are arranged in the BIST 
circuit 81. In each chip IP are provided a standard input 
terminal TDI for inputting a boundary scan test signal to the 
chip IP and a standard output terminal TDO for outputting 
the boundary scan test signal out of the chip IP. The 
arrangement in this example is characterized by the provi 
sion of a linear feedback shift registor (LFSR) circuit 92 for 
generating a pseudo random test pattern for a BIST, the 
provision of a compressor 93 for compressing BIST results, 
and the provision of a selector 95 for alternately selecting 
signals to be input to the boundary scan test circuit 67 from 
the standard input terminal TDI and the output of the LFSR 
circuit 92. A control signal (scan enable) for control of the 
selector 95 may be input through the wiring for testing only 
or may be input through one of the flip flops 90. 

Also in this example, a BIST and a boundary scan test can 
be carried out by using the boundary scan test circuit 67 and 
the BIST circuit 81. While in the conventional art only the 
BIST circuit 81 is used to enable only a test on combination 
circuits, a BIST in this example of the present invention can 
be made on peripheral regions existing between each com 
bination circuit and the external terminals. Consequently, 
tests for ensuring high reliability can be made with effi 
ciency. 
As mentioned above, the method of carrying out a BIST 

and a boundary scan test in accordance with the present 
invention by using the BIST circuit and the boundary scan 
test circuit is not limited testing on IPOS devices. However, 
in the case of application of this embodiment to IPOS 
devices, specific effects described below can be achieved. 

In general, BIST techniques facilitate testing on circuits. 
Referring to FIG. 16, in a case where a chip IP-A, a chip 
IP-B, a chip IP-C. . . . exist in an IPOS device, a control 
circuit provided on a silicon wiring substrate of the device 
outputs a test start instruction Sst to each chip IP and, after 
a while, a test result is returned as a test end signal Sen to 
the control circuit. Thus, the process of separately testing 
each chip IP is performed extremely easily. That is, there is 
no need for inputting of a test pattern and comparison 
between the test pattern and the test result signal, which are 
required in the case of a scan test, and the test on each unit 
test object can therefore be made extremely easily. 

EMBODIMENT 8 

An eighth embodiment of the present invention will be 
described with respect to means for separately testing each 
chip IP by a scan test method. 

FIG. 17A is a plan view of the configuration of a portion 
of an IPOS device in this embodiment, and FIG. 17B is a 
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circuit diagram of a characteristic portion of the circuit in 
one chip IP of the IPOS device. In the IPOS device of this 
embodiment, as shown in FIG. 17A, first and second pieces 
of wiring 101 and 102 for testing only are formed on a 
silicon wiring Substrate so as to extend continuously through 
the region between each pair of chip IPs and the region 
where each chip IP exists. The first pieces of testing wiring 
101 are signal lines for Supplying a scan test pattern to each 
chip IP (chip IP-A, chip IP-B, . . . ) and the second pieces 
of testing wiring 102 are signal lines for extracting a scan 
test result signal from each chip IP. Each chip IP is provided 
with scan-in terminals 103 connected to the first pieces of 
testing wiring 101, scan-out terminals 104 connected to the 
second pieces of testing wiring 102, and a clock terminal 
105 for receiving a clock signal from common clock wiring. 

Referring to FIG. 17B, in each chip IP are provided a test 
mode input terminal 106 for receiving a test mode signal, 
and an AND gate 107 which performs AND operation on 
signals from the test mode input terminal 106 and the scan-in 
terminal 103. That is, when a mode for making a scan test 
is selected, data in a test pattern from the scan-in terminal is 
input to the chip IP by the AND gate 107. In other modes, 
the AND gate 107 outputs a fixed value (e.g., 0). 
A three-state buffer 108 (gate) is provided as a stage 

before each scan-out terminal 104 in each chip IP. The 
three-state buffer 108 receives the test mode signal from the 
test mode terminal 106 as a control signal, outputs a scan test 
result signal to the scan-out terminal 104 when the mode for 
making a scan test is selected, and is in a high-impedance 
state when one of the other modes is selected. 

In this embodiment, since data in a test pattern from the 
scan-interminal is input to the chip IP by the AND gate 107 
when the mode for making a scan test is selected, the piece 
of wiring for Supplying a scan-in signal to each chip IP can 
be shared between the chip IPs, thus reducing the number of 
pieces of wiring for testing only. If the piece of wiring for 
Supply of a scan-in signal is shared between the chip IPS, 
there is a risk of even the chip IPs not subjected to a scan test 
being operated to increase the power consumption of the 
entire IPOS device. In this embodiment, however, the AND 
gate 107 outputs a fixed value to stop the operation of the 
chip IPs not subjected to a scan test when one of the modes 
other than the mode for making the scan test is selected, thus 
reducing the power consumption. 

Also, since the three-state buffer 108 (which may be 
replaced by a different kind of gate device) outputs a scan 
test result signal to the scan-out terminal 104 when the mode 
for making a scan test is selected, the piece of wiring for 
extracting a scan-out signal from each chip IP can be shared 
between the chip IPs, thus reducing the number of pieces of 
wiring for testing only. If the piece of wiring for extraction 
of a scan-out signal is shared between the chip IPs, there is 
a risk of collision between outputs from a plurality of the 
chip IPs. In this embodiment, however, the three-state buffer 
108 produces a high-impedance output at the scan-out 
terminal 104 when one of the modes other than the mode for 
making a scan test is selected, thus reliably preventing 
mixing of output signals from the chip IPS at the first pieces 
of wiring 102. 

Also, the chip IPs are connected to the common clock 
wiring to enable the circuits therein to operate in synchro 
nization with each other by a small clock skew. 

EMBODIMENT 9 

A ninth embodiment of the present invention will be 
described with respect to a chip level test. FIG. 18 is a block 
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diagram schematically showing a basic configuration of an 
IPOS device in this embodiment. As shown in FIG. 18, the 
IPOS device of this embodiment has a test controller pro 
vided as a chip IP. The test controller instructs each of a chip 
IP-A, a chip IP-B, ... on a silicon wiring substrate to start 
a test. When a test in each chip IP is completed, the test 
controller receives the test result and outputs information as 
to which chip IP is defective. Examples of this embodiment 
will be described. 

First Example 

FIG. 19 is a block diagram showing the configuration of 
a chip IP in a first example of this embodiment of the present 
invention. 
The chip IP in this example has a control signal input 

terminal 110 for receiving a scan test mode signal Strm from 
a test controller, an enable input terminal 111 for receiving 
a scan enable signal Sse, a scan-interminal 112 for receiving 
a scan-in signal Sin, and a scan-out terminal 113 for out 
putting a scan test result. The chip IP also has a standard 
input terminal TDI for inputting a boundary scan test signal 
to the chip IP, a standard output terminal TDO for outputting 
the boundary scan test signal out of the chip IP, a scan-in 
terminal TDI1 for inputting a test pattern for an internal test 
signal, and a scan-out terminal TDO1 for outputting the 
result of a test using the internal test signal. The chip IP 
further has an AND circuit 114 which outputs the result of 
AND operation on the scan test mode signal Stim and the 
scan enable signal Sse, and an AND circuit 115 which 
outputs the result of AND operation on the test mode signal 
Stm and the scan-in signal Sin. 
The output from the AND circuit 115 is supplied to flip 

flops 116 arranged in a scan chain 120 for a scan test, the 
output being shifted from one flip flop to another, while the 
output from the AND circuit 114 is transmitted at a time to 
all the flip flops 116 in the scan chain 120. That is, when the 
process of separately testing each of the internal circuit 
(DUT) of the chip IPs in a scanning manner is performed, 
the scan test mode signal Strm is Supplied to one or a plurality 
of chip IPs. When each chip IP receives the scan test mode 
signal Stn in the scan enabled State, it immediately takes in 
the scan-in signal Sin (test pattern) and performs scanning. 
A selector 118 is also provided to alternately select signals 

to be input to a boundary scan test circuit 121 from the 
standard input terminal TDI and the scan-in terminal TDI1 
and to output the selected signal to the boundary scan test 
circuit 121, as is that in the fourth example of the fifth 
embodiment. This selector 118 receives the above-men 
tioned scan test mode signal Stn as a selection control 
signal. That is, the arrangement in this example is such that 
a scan test which is based on Enhanced-BST and which can 
be made simultaneously with internal scanning is carried out 
and, accordingly, the system is designed so that a scan test 
and a boundary scan test can be simultaneously performed 
only by the scan test mode signal Stn. 

Second Example 

FIG. 20 is a block diagram schematically showing the 
configuration of an IPOS device in a second example of this 
embodiment. In this example, a chip IP-A is provided with 
a scan chain 120 which is connected between a scan-in 
terminal 112 and a scan-out terminal 113 via a multiplicity 
of flip flops 116. The chip IP-A may have a boundary scan 
test circuit or may have no boundary scan test circuit. An 
adjacent chip IP-B is provided with a boundary scan test 
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circuit 121 which is connected between a standard input 
terminal TDI and a standard output terminal TDO via a 
multiplicity of flip flops 124. 

In this example, if the boundary scan test circuit 121 
exists in the chip IP-B, the flip flops of the boundary scan 
test circuit 121 of the chip IP-B are set in a mode for making 
a boundary scan test when a mode for a scan test on the chip 
IP-A is selected. The test on the internal circuit (DUT) of the 
chip IP-A and the test on the connections between the chip 
IPs are simultaneously performed by using a test pattern 
input to the scan chain 120 of the chip IP-A and test result 
data from the boundary scan test circuit 121 of the chip IP-B. 
If a test result from these tests is NG, a single-chip test may 
be further made to determine whether a portion of the wiring 
connections is defective or whether an internal circuit por 
tion of the chip IP is defective. 

That is, the arrangement in this embodiment has the 
advantage of simultaneously making a scan test on the 
internal circuit of one chip IP and a connection condition test 
on the wiring between an adjacent pair of chips in one 
testing cycle. 

Third Example 

FIG. 21 is a block diagram schematically showing the 
entire configuration of an IPOS device in a third example of 
this embodiment. In the IPOS device in this example, as 
shown in FIG. 21, a chip IP-X having a test controller 125, 
a LFSR circuit 126, and a multiple input signature registor 
(MISR) circuit 127 which is a parallel type of signature 
analyzer. Also, scan-in terminals 112 and Scan-out terminals 
113 of a chip IP-A, a chip IP-B, a chip IP-C, a chip IP-D, . 
. . placed on a silicon wiring Substrate are connected in 
parallel with circuits 125, 126, and 127 in the chip IP-X. 
That is, the scan chains 120 in the chip IPs are connected in 
parallel with circuits 125, 126, and 127 in the chip IP-X. 
Alternatively, the scan chains 120 in the chip IPs may be 
connected in series with each of the circuits 125, 126, and 
127 in the chip IP-X. 
When a scan test is made, a test pattern signal is Supplied 

from the LFSR circuit 126 of the chip IP-X to the scan-in 
terminal 112 of each chip IP and test result data from the 
scan-out terminal 113 of each chip IP is taken in the MISR 
circuit 127. 

In this embodiment, the functions necessary for a BIST on 
each chip IP are combined in one chip IP to enable central 
ized control of the test, thus achieving the effect of reducing 
the scale of the circuit in each chip IP. 

If in the arrangement shown in FIG. 21 the chip IP-X has 
a power control function and if various tests are made on 
each chip IP, it is preferable to perform power supply control 
in Such a manner that power is Supplied only to the chip IP 
subjected to tests while no power is supplied to the other 
chip IPs not subjected to tests. This control makes it possible 
to avoid a deficiency of power with respect to the power 
consumption at the time of testing and, hence, to prevent a 
fault such as a malfunction of the circuit. 

EMBODIMENT 10 

A tenth embodiment of the present invention will be 
described with respect to a method of mounting components 
of an IPOS device. FIGS. 22A and 22B are schematic plan 
views of the device, showing steps in the IPOS device 
mounting process in this embodiment. 

In this embodiment, as shown in FIG. 22A, a scan chain 
is formed in each of a chip IP-A, a chip IP-B, a chip IP-C, 
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and a chip IP-D. It is assumed here that as a result of a scan 
test made on each chip IP, the chip IP-A, the chip IP-C and 
the chip IP-D are nondefective (GO) while the chip IP-B is 
defective (NG). 

Then, the same type of chip IP-B' is mounted on the 
silicon wiring substrate in place of the chip IP-B, and the 
scan test is made on the chip IP-B'. Until the chip IP-B' is 
determined as a nondefective one (GO), the replacement of 
the chip IPs and the scan test are repeated. 

After mounting of conventional system LSIS or three 
dimensional devices, replacement on an IP basis is difficult. 
In contrast, according to this embodiment, in a case where 
one of a plurality of chip IPS mounted on a silicon wiring 
Substrate is recognized as a defective one as a result of a scan 
test or the like made on each chip IP in the state where the 
chip IPs are mounted on the silicon wiring substrate, the 
defective chip can easily be replaced with a nondefective 
one. Thus, the facility with which chips are mounted is 
improved while the desired reliability of IPOS devices is 
ensured. 
What is claimed is: 
1. A semiconductor device comprising: 
a semiconductor wiring Substrate, said semiconductor 

wiring Substrate being composed of a semiconductor 
material, having a wiring layer; 

a plurality of chip IPS mounted on said semiconductor 
wiring substrate by being bonded thereto; 

a boundary scan test circuit provided in each of said chip 
IPs: 

an internal scan chain for an internal scan test provided in 
each of said chip IPs, 

a logic circuit which is a test object (DUT) in said chip IPs 
to be tested by said internal scan test; and 

wherein the boundary scan test circuit and the internal 
Scan chain for an internal scan test are formed so as to 
be capable of performing an internal scan test simul 
taneously with each other for testing said test object 
(DUT), using test data for an internal scan test which is 
input from outside, and 

the boundary scan test circuit performs a boundary scan 
test in a boundary scan test mode and an internal scan 
test in an internal scan test mode. 

2. The semiconductor device according to claim 1, 
wherein at least one of scanning signal input terminals 
connected to said internal scan chain is a terminal specially 
formed separately from said boundary scan test circuit. 

3. The semiconductor device according to claim 1, 
wherein each of in-chip chains in said boundary scan test 
circuit of said plurality of chip IPs is formed so as to also 
function as said internal scan chain in the chip IP: 

wherein an input-side wiring branch and an output-side 
wiring branch which respectively branch off from an 
input-side end portion and an output-side end portion of 
said boundary scan test circuit are formed in each of 
said chip IPs; 

wherein a scan-in terminal of said internal scan chain is 
connected to said input-side wiring branch, while a 
Scan-out terminal of said internal scan chain is con 
nected to said output-side wiring branch; and 

wherein an input to said in-chip chain can be selected 
from a signal in said boundary scan test circuit and a 
signal from said input-side wiring branch. 

4. The semiconductor device according to claim 1, 
wherein said boundary scan test circuit in said plurality of 
chip IPS is formed integrally with said internal scan chain; 
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wherein said semiconductor device further comprises first 

special-purpose wiring which is formed in the wiring 
layer of said semiconductor wiring Substrate, and 
through which a control signal is Supplied to said 
internal scan chain in each of said chip IPS, and second 
special-purpose wiring which is formed in the wiring 
layer of said semiconductor wiring Substrate, and 
through which signal in said internal scan chain in each 
of said chip IPs is output; 

wherein a scan-in terminal of said internal scan chain in 
each of said chip IPs is connected to said first special 
purpose wiring; and 

wherein a scan-out terminal of said internal scan chain in 
each of said chip IPS is connected to said second 
special-purpose wiring. 

5. A semiconductor device comprising: 
a semiconductor wiring Substrate, said semiconductor 

wiring Substrate being composed of a semiconductor 
material, having a wiring layer; 

a plurality of chip IPS mounted on said semiconductor 
wiring substrate by being bonded thereto; 

a boundary scan test circuit provided in each of said chip 
IPs: 

at least two pieces of wiring being formed in the wiring 
layer of said semiconductor wiring Substrate to be used 
for testing only; 

an input terminal and an output terminal, each connected 
to a different one of said chip IPs, for a boundary scan 
test connected to said boundary scan test circuit in each 
of said chip IPs and respectively connected to said two 
pieces of wiring for testing only; and 

in addition to said input terminal and said output terminal, 
a scan-in terminal for inputting test data for an internal 
Scan test directly from said at least two pieces of wiring 
to said boundary scan test circuit of at least one of said 
chip IPS, and a scan-out terminal for outputting a test 
result of an internal scan test directly to outside from 
said boundary scan test circuit of at least one of said 
chip IPs. 

6. The semiconductor device according to claim 5, 
wherein said boundary scan test circuit in said plurality of 
chip IPS is formed so as to also function as an internal scan 
test circuit in said chip IPs: 

wherein in addition to said input terminal and said output 
terminal, an input-side wiring branch and an output 
side wiring branch which respectively branch off from 
an input-side end portion and an output-side end por 
tion of said boundary scan test circuit are formed in 
each of said chip IPS, and said input-side wiring branch 
is for inputting the test data for an internal scan test 
directly from outside and said output-side wiring 
branch is for outputting the test result of an internal 
Scan test directly to outside; 

wherein a scan-in terminal through which an internal scan 
test signal is input is connected to said input-side 
wiring branch; 

wherein a scan-out terminal through which a scan test 
result is output is connected to said output-side wiring 
branch; and 

wherein an input to an in-chip chain in said boundary scan 
test circuit can be selected from a signal in said 
boundary scan test circuit and a signal from said 
input-side wiring branch. 
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